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DESCRIPTION 

IMAGE PROCESSOR AND METHOD, COMPUTER PROGRAM, 
AND RECORDING MEDIUM 

5 

Technical Field 

The present invention relates to an image processing technique with which operation 
such as anti-aliasing can be performed using less resources without producing unintended 
colors. 

10 

Background Art 

Significant breakthroughs have been made in integration of hardware components 
including processors and memories with faster processing clocks for systems such as game 
console devices that perform real-time image processing. This enables real-time production 

15 of wide variety of realistic images reproduced in every detail, which had been impossible 
through conventional techniques. 

This rapid advancement of the image processing techniques causes typical two- 
dimensional screens such as television monitors to lag far behind the recent improvements in 
image quality. For example, standard National Television System Committee (NTSC) 

20 television monitors can only display images at low resolutions of around 640 by 448 dots per 
frame (two fields). 

When an image with diagonal edges is displayed especially on a low-resolution two- 
dimensional screen, these edges extending in a slanting direction appear jagged. Jagged 
edges are caused because every diagonal edge is built up by square pixels that are stepped on 
25 top of one another. These "steps" are called jaggies. Horizontal or vertical edges have no 
jaggies. Diagonal edges at 45 degrees with respect to the horizontal or vertical axis have the 
largest number of jaggies when compared among line segments of the same length. More 
jaggies are visible as the diagonal edge gets closer to 45 degrees. On the other hand, more 
aliases are visible on diagonal edges closer to the horizontal or vertical. It should be noted 



WO 2005/036468 PCT/JP2004/015570 

2 

that diagonal edges at slight angles against the horizontal or vertical axis have not much 
jaggies but have a series of step-like patterns, called "aliasing", which appear more noticeable 
than on the diagonal edges at 45 degrees. 

Taking the above into consideration, systems that process images to be displayed on 
5 a two-dimensional screen of a relatively low resolution typically has a function of performing 
anti-aliasing operation to draw a smooth image without jaggies to an image memory. Anti- 
aliasing is a technique of making edges in an image appear much smoother or blurring edges 
to remove aliases on the line. 

There are various anti-aliasing techniques, some of which are given below. 
10 (1) First Technique 

The percentage of coverage is computed for each pixel on the edge. This 
percentage of coverage is used as the a value for the blending of the edge with the 
background. For example, a foreground color pixel Cs is blended with a background color 
pixel Cd, thereby producing a blended color value C. This is represented by the following 
15 equation: 

C = a * Cs + (1 - a) * Cd. 
As apparent from the above, the color value C of the pixels for the edge can be given 
by adding the product of a and Cs (the color value of the pixel in the foreground) to the result 
of 1 minus a, all multiplied by Cd (the color value of the pixel in the background). This 
20 blending provides gradation (multi-scale pixels) on the edge, so that possible aliasing on the 
edges can be reduced. 
(2) Second Technique 

The image is rendered at high resolution and then filtered to eventually reduce the 
number of pixels in the image. For example, the image is rendered at a higher resolution 
25 than the display screen. The pixels in the image are then averaged to the final resolution 
before being copied to the display. This expects to produce effects similar to those obtained 
by gradation. 
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With the above-mentioned first technique, certain pixels such as background pixels 
should be drawn to the image memory before drawing of edges in order to make it possible to 
predictively determine which color value will be adjacent to the edge on the screen. This 
technique requires a back-to-front sort of all the image components (polygons) in a scene, 
5 including the background and the image to be rendered thereon, so that they are ordered from 
front to back. 

The second technique involves image rendering at a higher resolution than the 
display screen. This takes more time to draw images with a larger capacity of image 
. memory. 

10 The major object of the present invention is to provide an image processing 

technique with which anti-aliasing can be performed using less resources without producing 
unintended colors and without any problems such as the above. 

The present invention provides an image processor, a method, a computer program, 
and a recording medium for use in implementing a characteristic anti-aliasing operation. 

1 5 An image processor having a first configuration provided by the present invention is 

the one for use in drawing an image to a memory having a two-dimensional matrix of pixel 
drawing regions, each of the pixel drawing regions representing a single pixel in the image, 
an edge of the image, if any, being jagged when it extends in a slanting direction with respect 
to the vertical or horizontal axis of the matrix, the image processor comprising: a plurality of 

20 relative orientation detection filters each representing a distinguishing feature of a relative 
orientation of an edge segment to be drawn to the memory; drawing means for drawing the 
image to the memory or a buffer having the same structure as the memory; detection means 
for detecting a connected sequence of pixel drawing regions making up an edge in the image 
drawn by the drawing means, and detecting the relative orientation of the connected sequence 

25 of pixel drawing regions by means of selecting out one relative orientation detection filter 
representing the distinguishing feature that is closest to the distinguishing feature of the 
connected sequence of pixel drawing regions in question; and smoothing means for 
smoothing a pixel value of each pixel in the connected sequence of pixel drawing regions on 
the edge using smoothing coefficients, the smoothing coefficients being either computed 
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depending on the relative orientation detected by the detection means or obtained from 
outside. 

In the image processor having the above-mentioned structure, the drawing means 
draws an image to a memory or a buffer before the detection means detects a connected 

5 sequence of pixel drawing regions making up the edge in the drawn image. The detection 
means also detects the relative orientation of the connected sequence of pixel drawing 
regions using a plurality of relative orientation detection filters. Subsequently, the 
smoothing means smoothes the pixel values of the pixel drawing regions making up the edge 
by using smoothing coefficients computed according to the detected relative orientation or 

10 obtained from outside. Therefore, complicated operations for anti-aliasing can be 
eliminated which otherwise have been required in drawing images to a memory, allowing 
image processing using less resources without producing unintended colors. 

The term "connected sequence" when used in reference to the pixel drawing regions, 
means that the pixel drawing regions are relatively aligned with each other in one of eight 

1 5 compass directions. 

Each of the plurality of relative orientation detection filters can be achieved as a 
two-dimensional matrix of predetermined orientation coefficients, the orientation coefficients 
including zero orientation coefficients each having a value of zero and non-zero orientation 
coefficients each having a value other than zero, the non-zero orientation coefficients being 

20 aligned relative to each other in a predetermined direction. In such a case, the detection 
means performing convolution of all orientation coefficients contained in the relative 
orientation detection filters, with each pixel value of the connected sequence of pixel drawing 
regions making up the edge, the detection means then selecting out one relative orientation 
detection filter for which the convolution result in a single direction exceeds a predetermined 

25 threshold value and yields the largest result, as the relative orientation filter having the 
distinguishing feature that is closest to the distinguishing feature in the subject direction. 

The smoothing means may be configured to have a plurality of smoothing filters 
each containing predetermined smoothing coefficients, the smoothing coefficients including 
zero smoothing coefficients each having a value of zero and non-zero smoothing coefficients 
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each having a value other than zero, the smoothing filter being linked to one of the relative 
orientation detection filters in such a manner that the non-zero smoothing coefficients being 
arranged in the same pattern as the non-zero orientation coefficients in the relative orientation 
detection filters, the smoothing means identifying, in response to the selection of the relative 

5 orientation detection filter by the detection means, the smoothing filter that is linked to the 
selected relative orientation detection filter, performing convolution of the smoothing 
coefficients of the identified smoothing filter individually with each pixel value of the 
connected sequence of pixel drawing regions making up the edge, and replacing a target pixel 
value in the connected sequence of pixel drawing regions with the convolution result, thereby 

1 0 smoothing the focused pixel value. According to this configuration, detection of the relative 
orientation automatically identifies the smoothing filter associated therewith and each target 
pixel value in the connected sequence of pixel drawing regions is smoothed by using the 
smoothing coefficients in this smoothing filter. This reduces the entire load for drawing 
operations. 

15 The term "target pixel value" as used herein means a single pixel value to be 

smoothed, located at the center of the filter. It should be noted that the target pixel value or 
merely the target pixel is a relative designation relative to the surrounding pixel values or 
pixels on which the filter is overlaid. 

Each of the relative orientation detection filters may be a two-dimensional matrix of 

20 predetermined orientation coefficients, the orientation coefficients including zero orientation 
coefficients each having a value of zero and non-zero orientation coefficients each having a 
value other than zero, the non-zero orientation coefficients being aligned relative to each 
other in a predetermined direction. In such a case, the detection means performs 
convolution of all orientation coefficients contained in the relative orientation detection 

25 filters, with each pixel value of the connected sequence of pixel drawing regions in the buffer 
memory. The detection means then selects out one relative orientation detection filter for 
which the convolution result in a single direction exceeds a predetermined threshold value 
and yields the largest result, as the relative orientation filter that is most suitable for the 
relative orientation in question. 
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An image processor having a second configuration provided by the present invention 
is the one for use in drawing an image to a memory having a two-dimensional matrix of pixel 
drawing regions, each of the pixel drawing regions representing a single pixel in the image, 
an edge of the image, if any, being jagged when it extends in a slanting direction with respect 
5 to the vertical or horizontal axis of the matrix, the image processor comprising: a plurality of 
relative orientation detection filters each representing a distinguishing feature of a relative 
orientation of an edge segment to be drawn to the memory; drawing means for drawing the 
image to the memory or a buffer having the same structure as the memory; detection means 
for detecting a connected sequence of pixel drawing regions making up an edge in the image 
1 0 drawn by the drawing means, and detecting the relative orientation of the connected sequence 
of pixel drawing regions by means of selecting out a predetermined number of relative 
orientation detection filters each representing a distinguishing feature that is closer to the 
distinguishing feature of the connected sequence of pixel drawing regions, and performing 
interpolation with the relative orientations specified by the selected relative orientation 
15 detection filters; and smoothing means for smoothing a pixel value of each pixel in the 
connected sequence of pixel drawing regions on the edge using smoothing coefficients, the 
smoothing coefficients being either computed depending on the relative orientation detected 
by the detection means or obtained from outside. 

In the image processor having the above-mentioned configuration, unlike the first 
20 image processor, the detection means selects out a predetermined number of relative 
orientation detection filters each representing a distinguishing feature that is closer to the 
distinguishing feature of the connected sequence of pixel drawing regions on the edge in the 
drawn image, and performs interpolation with the relative orientations specified by the 
relative orientation detection filters to detect the relative orientation of the connected 
25 sequence of pixel drawing regions. Consequently, orientation detection can be made with 
high accuracy even with a less number of relative orientation detection filters as compared 
with the first image processor. 

More specifically, the detection means performs convolution of all orientation 
coefficients contained in the relative orientation detection filters, with each pixel value of the 
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connected sequence of pixel drawing regions making up the edge, selects out a predetermined 
number of relative orientation detection filters for which their respective convolution results 
in a single direction exceed a predetermined threshold value and yield the largest result, the 
second largest result, and the third largest result, respectively, as the relative orientation 
5 filters having their respective distinguishing features that are closer to the distinguishing 
feature in the subject direction, and distributes, using interpolation, the relative orientations 
specified by the selected relative orientation detection filters, thereby determining one 
relative orientation. 

In the first and second image processors, the smoothing means may be configured to 

10 generate a smoothing filter which is a matrix of predetermined smoothing coefficients, the 
smoothing coefficients including zero smoothing coefficients each having a value of zero and 
non-zero smoothing coefficients each having a value other than zero, the non-zero smoothing 
coefficients in the generated smoothing filter being arranged in the direction of the relative 
orientation detected by the detection means, perform convolution of the smoothing 

15 coefficients of that smoothing filter individually with each pixel value of the connected 
sequence of pixel drawing regions making up the edge, and replace a target pixel value in the 
connected sequence of pixel drawing regions with the convolution result, thereby smoothing 
the focused pixel value. 

Regardless of whether the smoothing filters are previously prepared or generated 

20 every time when it becomes necessary, each smoothing filter may have a two-dimensional 
matrix of smoothing coefficients, the smoothing coefficients including zero smoothing 
coefficients each having a value of zero and non-zero smoothing coefficients each having a 
value other than zero, the non-zero smoothing coefficients more distant from the center of the 
filter having smaller non-zero values, the non-zero smoothing coefficients being arranged in 

25 the direction of the detected relative orientation. In such a case, the smoothing means is 
configured to perform convolution of all smoothing coefficients contained in the smoothing 
filter in question, with a target pixel in the connected sequence of pixel drawing regions 
making up the edge in such a manner that the center of the smoothing filter is matched with 
the target pixel. 
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In a preferred aspect of the present invention, the smoothing coefficients in each 
smoothing filter are normalized so that the smoothing filters with different patterns of 
arrangement of the smoothing coefficients are on the same scale. The smoothing filters 
having this configuration allow convolution with pixel values of a relative magnitude. The 
5 amount of operations can be reduced and thus the smoothing can be performed more 
effectively as compared with the case where no normalization is performed. 

Not all the pixels in the connected sequence of pixel drawing regions are required to 
be smoothed. Instead, smoothing may be performed when necessary. In such a case, the 
smoothing means may be configured to perform smoothing only when the relative orientation 
10 detected by the detection means forms a predetermined angle with respect to the horizontal or 
vertical axis of the matrix and when at least a predetermined number of pixel drawing regions 
having the same relative orientation are arranged in sequence. 

A first image processing method according to the present invention is the one 
performed by a processor having access to a memory to which an image is drawn and a 
15 plurality of relative orientation detection filters, the memory having a two-dimensional 
matrix of pixel drawing regions, each of the pixel drawing regions representing a single pixel 
in the image, an edge of the image, if any, being jagged when it extends in a slanting 
direction with respect to the vertical or horizontal axis of the matrix, each of the relative 
orientation detection filters representing a distinguishing feature of a relative orientation of an 
20 edge segment to be drawn to the memory. The method comprises the following steps of: 

(1) drawing the image to the memory or a buffer having the same structure as the 
memory without performing anti-aliasing operation; 

(2) detecting a connected sequence of pixel drawing regions making up an edge in 
the drawn image; 

25 (3) detecting the relative orientation of the connected sequence of pixel drawing 

regions by means of selecting out one relative orientation detection filter representing the 
distinguishing feature that is closest to the distinguishing feature of the connected sequence 
of pixel drawing regions in question; and 

(4) generating a smoothing filter which is a matrix of smoothing coefficients, the 
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smoothing coefficients including zero smoothing coefficients each having a value of zero and 
non-zero smoothing coefficients each having a value other than zero, the non-zero smoothing 
coefficients in the generated smoothing filter being arranged in the direction of the relative 
orientation, or alternatively, obtaining the smoothing filter that has been prepared previously; 
5 performing convolution of the smoothing coefficients of that smoothing filter 

individually with each pixel value of the connected sequence of pixel drawing regions; and 

replacing a target pixel value in the connected sequence of pixel drawing regions 
with the convolution result, thereby smoothing the focused pixel value, thereby anti-aliasing 
the image having the edge including the target pixel value. 
10 A second image processing method according to the present invention is the one 

performed by a processor having access to a memory to which an image is drawn and a 
plurality of relative orientation detection filters, the memory having a two-dimensional 
matrix of pixel drawing regions, each of the pixel drawing regions representing a single pixel 
in the image, an edge of the image, if any, being jagged when it extends in a slanting 
15 direction with respect to the vertical or horizontal axis of the matrix, each of the relative 
orientation detection filters representing a distinguishing feature of a relative orientation of an 
edge segment to be drawn to the memory. The method comprises the following steps of: 

(1) drawing the image to the memory or a buffer having the same structure as the 
memory without performing anti-aliasing operation; 
20 (2) detecting a connected sequence of pixel drawing regions making up an edge in 

the drawn image; 

(3) detecting the relative orientation of the connected sequence of pixel drawing 
regions by means of 

selecting out a plurality of relative orientation detection filters each representing a 
25 distinguishing feature that is close to the distinguishing feature of the connected sequence of 
pixel drawing regions, and 

performing interpolation with the relative orientations specified by the selected 
relative orientation detection filters; and 

(4) generating a smoothing filter which is a matrix of smoothing coefficients, the 
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smoothing coefficients including zero smoothing coefficients each having a value of zero and 
non-zero smoothing coefficients each having a value other than zero, the non-zero smoothing 
coefficients in the generated smoothing filter being arranged in the direction of the relative 
orientation, or alternatively, obtaining the smoothing filter that has been prepared previously; 

performing convolution of the smoothing coefficients of that smoothing filter 
individually with each pixel value of the connected sequence of pixel drawing regions; and 

replacing a target pixel value in the connected sequence of pixel drawing regions 
with the convolution result, thereby smoothing the focused pixel value, thereby anti-aliasing 
the image having the edge including the target pixel value. 

A first computer program according to the present invention is the one executed by a 
processor having access to a memory to which an image is drawn and a plurality of relative 
orientation detection filters, the memory having a two-dimensional matrix of pixel drawing 
regions, each of the pixel drawing regions representing a single pixel in the image, an edge of 
the image, if any, being jagged when it extends in a slanting direction with respect to the 
vertical or horizontal axis of the matrix, each of the relative orientation detection filters 
representing a distinguishing feature of a relative orientation of an edge segment to be drawn 
to the memory. This computer program is for the processor to perform the operations of: 

(1) drawing the image to the memory or a buffer having the same structure as the 
memory without performing anti-aliasing operation; 

(2) detecting a connected sequence of pixel drawing regions making up an edge in 
the drawn image; 

(3) detecting the relative orientation of the connected sequence of pixel drawing 
regions by means of selecting out one relative orientation detection filter representing the 
distinguishing feature that is closest to the distinguishing feature of the connected sequence 
of pixel drawing regions in question; and 

(4) generating a smoothing filter which is a matrix of smoothing coefficients, the 
smoothing coefficients including zero smoothing coefficients each having a value of zero and 
non-zero smoothing coefficients each having a value other than zero, the non-zero smoothing 
coefficients in the generated smoothing filter being arranged in the direction of the relative 
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orientation, or alternatively, obtaining the smoothing filter that has been prepared previously; 

performing convolution of the smoothing coefficients of that smoothing filter 
individually with each pixel value of the connected sequence of pixel drawing regions; and 

replacing a target pixel value in the connected sequence of pixel drawing regions 
5 with the convolution result, thereby smoothing the focused pixel value, thereby anti-aliasing 
the image having the edge including the target pixel value. 

A second computer program according to the present invention is the one executed 
by a processor having access to a memory to which an image is drawn and a plurality of 
relative orientation detection filters, the memory having a two-dimensional matrix of pixel 
10 drawing regions, each of the pixel drawing regions representing a single pixel in the image, 
an edge of the image, if any, being jagged when it extends in a slanting direction with respect 
to the vertical or horizontal axis of the matrix, each of the relative orientation detection filters 
representing a distinguishing feature of a relative orientation of an edge segment to be drawn 
to the memory. This computer program is for the processor to perform the operations of: 
15 (1) drawing the image to the memory or a buffer having the same structure as the 

memory without performing anti-aliasing operation; 

(2) detecting a connected sequence of pixel drawing regions making up an edge in 
the drawn image; 

(3) detecting the relative orientation of the connected sequence of pixel drawing 
20 regions by means of 

selecting out a plurality of relative orientation detection filters each representing a 
distinguishing feature that is close to the distinguishing feature of the connected sequence of 
pixel drawing regions, and 

performing interpolation with the relative orientations specified by the selected 
25 relative orientation detection filters; and 

(4) generating a smoothing filter which is a matrix of smoothing coefficients, the 
smoothing coefficients including zero smoothing coefficients each having a value of zero and 
non-zero smoothing coefficients each having a value other than zero, the non-zero smoothing 
coefficients in the generated smoothing filter being arranged in the direction of the relative 
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orientation, or alternatively, obtaining the smoothing filter that has been prepared previously; 

performing convolution of the smoothing coefficients of that smoothing filter 
individually with each pixel value of the connected sequence of pixel drawing regions; and 

replacing a target pixel value in the connected sequence of pixel drawing regions 
5 with the convolution result, thereby smoothing the focused pixel value, thereby anti-aliasing 
the image having the edge including the target pixel value. 

These computer programs may be distributed over a communication network. 
Alternatively, they may be recorded on a computer-readable recording media, such as RAMs, 
DVD-ROMs, semiconductor memories, and other similar recording media, for public 
10 distribution. 

The present invention detects a relative orientation of a connected sequence of pixel 
drawing regions making up an edge in an image to be drawn, smoothes the pixel values of the 
pixel drawing regions on the edge by using smoothing coefficients computed according to the 
detected relative orientation, and writes drawing data including the smoothed pixel values 
15 into an image memory. This provides a mechanism to implement high quality image 
processing at lower costs. 

Brief Description of Drawings 
Fig. 1 is a configuration diagram of an image processor which the present invention 
20 is applied to; 

Fig. 2 is a view showing relationships between relative orientation detection filters 
and smoothing filters; 

Fig. 3 is a representation for illustrating how a smoothing filter is generated; 

Fig. 4 is a diagram illustrating the entire operation flow of anti-aliasing; 
25 Fig. 5 is a representation for illustrating what the anti-aliasing is like; 

Fig. 6 is a diagram illustrating details of a flow of orientation detection operation; 

Fig. 7 is a diagram illustrating an operation flow of smoothing for a case where 
relative orientation detection filters are linked previously to respective smoothing filters of 
the same relative orientation; 
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Fig. 8 is a diagram illustrating an operation flow of smoothing for a case where 
smoothing filters are held in such a manner that they can be distinguished according to the 
relative orientation of an edge segment despite that they are independent of relative 
orientation detection filters; 

Fig. 9 is a diagram illustrating an operation flow of smoothing for a case where a 
smoothing filter containing smoothing coefficients for a given gradient is generated and 
stored every time when it becomes necessary; 

Fig. 10 is a diagram illustrating specific operation flow of smoothing; 

Fig. 11 is a representation for illustrating how an edge is detected; 

Fig. 12 is a representation for illustrating how a target pixel value is smoothed; 

Fig. 13 illustrates how the anti-aliasing is achieved according to the present 
invention; 

Fig. 14 is another configuration diagram of an image processor which the present 
invention is applied to; 

Fig. 15 is a diagrammatic expression for illustrating how an unknown angle is 
estimated using interpolation of known angles; 

Fig. 16 is a graph showing the relation between convolution results and angles; 

Fig. 17(a) is a representation of an unsmoothed image; 

Fig. 17(b) is a representation of edge region data; and 

Fig. 17(c) is a representation of edge direction data. 

Best Mode for Carrying Out the Invention 
Fig. 1 shows a configuration of an image processor which the present invention is 
applied to. 

The image processor 1 comprises a main processor 10, a geometry unit 11, a 
rendering unit 12, a main memory 13, a drive unit 14 and a communication unit 15, all of 
which are connected to each other through a bus B. The rendering unit 12 is connected to 
an image memory 16 having pixel drawing regions that are arranged in the form of a two- 
dimensional matrix. Each pixel drawing region in the matrix represents a single pixel in the 
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final image. 

As will be described later, images after smoothing are first drawn to the image 
memory 16 and then copied to the display screen 18. The image processor 1 also comprises 
a display controller 17 which is used for copying the image memory 16 to the display screen 
5 18. 

The main memory 13 contains graphics information for polygons to be drawn 
(displayed), such as coordinates of vertices, R (red), G (green), and B (blue) color values for 
each vertex and mapping coordinates values, vertex information such as vector values, and 
vertices-connecting information. The graphics information may be, for example, 
1 0 information read by the drive unit 14 under the control of the main processor 10 from various 
recording media such as CD-ROMs, DVD-ROMs, and semiconductor memories loaded into 
it. Alternatively, the graphics information may be information obtained by the 
communication unit 15 through a wireless or fixed-line communication medium or 
transmission medium. 

15 The geometry unit 11 reads the above-mentioned graphics information from the 

main memory 13 under the control of the main processor 10. The geometry unit 11 then 
performs geometry processing, e.g., affine transformation, projection transformation to 
screen coordinates, and vertex processing associated with a light source, to the graphics 
information. Results of the geometry processing are supplied to the rendering unit 12. 

20 The rendering unit 12 performs drawing operations (rendering) including anti- 

aliasing according to the results of the geometry processing supplied from the geometry unit 
11 and generates drawing data that are going to be written into the image memory 16. 

In order to achieve characteristic drawing operations of the present invention, certain 
functional components are provided in the rendering unit 12 typically through a rendering 

25 processor (not shown) in cooperation with a computer program for drawing that is stored in 
an internal memory. The functional components include drawing section 121, an edge 
detection section 122, and a smoothing section 123. The rendering unit 12 includes a 
texture memory 124, a buffer memory 125, a plurality of relative orientation detection filters 
126, a plurality of smoothing filters 127, and reference orientation angle data 128, all of 
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which are recorded on the recording device accessible by the rendering processor. The 
texture memory 124 contains texture attributes of images. The reference orientation angle 
data 128 are used for determining an angle condition relating to whether below-described 
smoothing processing should be made. 
5 The texture attributes recorded on the texture memory 124 may be, for example, 

those obtained from various recording media such as CD-ROMs, DVD-ROMs, and 
semiconductor memories or obtained through a wireless or fixed-line communication 
medium or transmission medium. 

The buffer memory 125 has pixel drawing regions arranged in the same manner (i.e., 
10 in the form of a two-dimensional matrix) as the pixel drawing regions of the image memory 
16. The buffer memory 125 is mainly used as a buffer for edge detection, orientation 
detection, and smoothing of edges of the objects making up an image. 

An edge of an image object is defined as a significant change in the image intensity 
between adjacent pixels. The relative orientation detection filters 126 are used for 
15 identifying the relative orientation (i.e., angle of the slope) of each edge. Each relative 
orientation detection filter 126 is a matrix of numbers used in image convolution. These 
numbers are herein referred to as orientation coefficients. Convolution of an image is a 
process by which each pixel of an image is multiplied by a filter to create a new pixel value. 
The relative orientation detection filters 126 are identified by the angle as measured relative 
20 to the horizontal axis. These relative orientation detection filters 126 contain patterns of 
orientation coefficients. Some examples of the relative orientation detection filters 126 are 
shown in Figs. 2(a) to 2(f) in which a rectangular grid is used for clarity and convenience. 
The gradients in the horizontal (0 degrees) and vertical (90 degrees) directions can be 
determined with the relative orientation detection filter 126 shown in Figs. 2(f) and 2(e), 
25 respectively. For the purpose of better understanding of patterns of orientation coefficients, 
let a straight line be extended in the direction of the relative orientation passing through the 
center of the matrix. The line passes the midpoint of the sides of the squares. The 
orientation coefficient "l !l is contained in these squares on the line for the 0- and 90-degree 
directions. likewise, the gradients in the diagonal directions can be determined with the 
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relative orientation detection filters 126 shown in Figs. 2(a) and 2(d) for gradients in 45- 
degree and 135-degree directions, respectively. The straight line extended in the direction 
of the relative orientation passes the vertices of the squares aligned diagonally in the filter. 
The orientation coefficient "1" is thus contained in the squares aligned in the diagonal 
5 direction. On the other hand, different patterns of orientation coefficients must be used for 
other angles such as 60 and 120 degrees. Again, let a straight line be extended in the 
direction of the relative orientation passing through the center of the matrix. The orientation 
coefficient "0.5" is contained in such a pair of squares that share the side through which the 
straight line passes. This is shown in Figs. 2(b) and 2(c). It should be noted that the 
10 orientation coefficients are not limited to "1" and "0.5". Other values may be used as long 
as they allow easier orientation detection. 

The smoothing filters 127 are used for smoothing images. Each of the smoothing 
filters 127 is defined by a two-dimensional array of numbers, i.e., smoothing coefficients, as 
in the case of the relative orientation detection filters 126. In the smoothing filter 127, 
15 smoothing coefficients more distant from the center of the filter array have smaller values. 
The smoothing filters 127 may be provided previously, or alternatively, they may be 
generated and stored every time when the smoothing is performed. 

Smoothing coefficients are used for changing values of pixels from each pixel 
drawing region according to the gradient of an edge (i.e., the gradient of a connected 
20 sequence of pixel drawing regions for the edge). The smoothing coefficient has a value 
between the maximum "1" and the minimum "0". The smoothing coefficients in the matrix 
are usually normalized to 1 so that the smoothing filters 127 with different patterns of 
arrangement of the smoothing coefficients are on the same scale. This means that the sum 
of all smoothing coefficients is equal to 1. 
2 5 Each smoothing filter 127 has an index that is associated with the relative orientation 

of an edge to be smoothed using the smoothing coefficients. This index serves to 
distinguish a smoothing filter from other smoothing filters. For example, an index of "30- 
degree smoothing filter" is applied to a smoothing filter for changing pixel values in an edge 
forming an angle of 30 degrees with respect to the horizontal. likewise, an index of "120- 
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degree smoothing filter" is applied to a smoothing filter for changing pixel values in an edge 
forming an angle of 120 degrees with respect to the horizontal, and so on. 

In this embodiment, mainly from the viewpoint of speeding up the drawing 
operations, each smoothing filter 127 is linked one by one to the relative orientation detection 

5 filter 126 associated with the same relative orientation in order to make it possible to 
immediately read corresponding smoothing filter when any one of relative orientation 
detection filter 126 is selected. 

Fig. 2 shows relationships between the relative orientation detection filters 126 and 
the smoothing filters 127 in this case. Fig. 2(a) shows a combination of a relative 

10 orientation detection filter 126 for a gradient of 45 degrees and a 45-degree smoothing filter. 
Fig. 2(b) shows a combination of a relative orientation detection filter 126 for a gradient of 
60 degrees and a 60-degree smoothing filter. Fig. 2(c) shows a combination of a relative 
orientation detection filter 126 for a gradient of 120 degrees and a 120-degree smoothing 
filter. Fig. 2(d) shows a combination of a relative orientation detection filter 126 for a 

15 gradient of 135 degrees and a 135 -degree smoothing filter. Fig. 2(e) shows a relative 
orientation detection filter 126 for the vertical direction (90 degrees). Fig. 2(f) shows a 
relative orientation detection filter 126 for the horizontal direction (0 degrees). It should be 
noted that no smoothing filter is linked to the relative orientation detection filters for the 
horizontal and vertical directions in this embodiment because j aggies do not occur in these 

20 directions, meaning that smoothing is unnecessary. However, smoothing filters may be 
linked to the relative orientation detection filters for these directions. 

The smoothing operation may optionally be skipped when being unnecessary. 
Whether the smoothing is necessary or not is determined using the reference orientation 
angle data 128. Aliasing tends to be more noticeable as the edge approaches the horizontal 

25 or vertical axis. Therefore, it is difficult to determine the necessity of smoothing only on the 
basis of the angle. With the concept of the reference angle that is represented by the 
reference orientation angle data 128, the above-mentioned optional processing can be 
achieved easily by means of comparing the gradient angle detected by the edge detection 
section 122 with the reference angle. 
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The reference angle may be selected in a simple manner: for example, horizontal, 0 
degrees corresponding to the vertical direction, 90 degrees, 180 degrees and 270 degrees. 
When the gradient angle detected by the edge detection section 122 is substantially equal to 
one of these angles, the smoothing operation is skipped. Otherwise the smoothing operation 
5 is performed. The reference angle may have a certain range. For example, it may be equal 
to or larger than 30 degrees but not larger than 60 degrees. When the detected gradient 
angle falls within the range of the reference angle, the smoothing may be skipped. 
Alternatively, the smoothing may be performed only when the detected gradient angle falls 
within the range. 

10 The drawing section 121 takes results data of the geometry processing that are 

supplied from the geometry unit 11 and also takes texture attributes from the texture memory 
124. The drawing section 121 computes a pixel value according to these data. In addition, 
the drawing section 121 writes the computed pixel value into the buffer memory 125 without 
anti-aliasing. In other words, it performs processing for drawing unsmoothed images to the 

15 buffer memory 125. This drawing operation is a processing to obtain pixel values to be 
written into the pixel drawing regions by means of, for example, transforming strip-like or 
fan-like polygon mesh structured data into independent polygon data; analyzing, for example, 
drawing position data, depth data, and color data contained in the result data of the geometry 
processing to perform area culling and back-face culling (area culling allows setting the size 

20 of objects that will not be displayed, i.e., setting the number of pixels below which objects 
are culled), thereby discarding unnecessary polygon data; combining color data; and 
reflecting texture attributes to images. 

The edge detection section 122 is for automatic identification of edges and their 
gradients. More specifically, the edge detection section 122 reads the pixel values in the 

25 individual pixel drawing regions of the buffer memory 125. It performs processing to 
identify the location of pixel drawing regions that are presumed to make up an edge by 
applying an edge extraction filter (not shown) to the image drawn to the buffer memory 125. 

The edge extraction filter may be implemented by, for example, one of well-known 
techniques described below. It may be a level filter that can detect edges using the 
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difference in level obtained by a first derivative of the image; a simple Laplacian filter that 
can detect edges using second order derivatives; a Laplacian filter that is less susceptible to 
noise (a Laplacian of Gaussian filter), which performs smoothing the edge over a given range 
and then takes a second derivative of the smoothed edge; a bridge filter (a filter based on the 
5 second directional derivative) that can detect edges by working out the value of the function 
at the particular discrete elements of a simple Laplacian operator; and a surfboard filter (a 
version of the Laplacian filter) that can detect edges 'by subtracting an average of the pixel 
values in the n by n region (n = 3, 5, 7) from each pixel of the original image. Specific and 
detailed approaches about how to identify connected sequences of pixel drawing regions 
10 making up edges can be found in Azriel Rosenfeld, Avinash C. Kak, translated by Makoto 
Nagao, "Digital Picture Processing", 1978, Kindai Kagakusha, pp. 281-304). 

For the identified pixel drawing regions that are expected to make up the edge, the 
edge detection section 122 selects out a relative orientation detection filter 126 that is most 
suitable for the possible edge in question. The edge detection section 122 then identifies the 
15 relative orientation represented by the selected relative orientation detection filter 126. In 
this way, it is possible to automatically determine whether the subject pixel drawing regions 
make up an actual edge. If it is the edge, then the edge detection section 122 determines the 
direction of gradient. Detailed procedures performed in the edge detection section 122 will 
be described later. 

20 The smoothing section 123 performs the operation to smooth pixel values of the 

pixel drawing regions for an edge which requires smoothing with the above-mentioned 
smoothing coefficient. The smoothing section 123 then writes drawing data including the 
smoothed pixel values into the image memory 16. The smoothing section 123 also has a 
function to generate the smoothing filters 127 with the smoothing coefficients therein. This 

25 function is available when none of the smoothing filters 127 stored in the recording device is 
suitable for the detected gradient. Thus, a new smoothing filter 127 is generated every time 
it becomes necessary. How the smoothing filter 127 is generated is illustrated in Fig. 3. 

Fig. 3 illustrates the process of generating a 120-degree smoothing filter 127. First, 
a matrix of numeric regions 51 is provided. Each numeric region will be a single square in 
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the resulting smoothing filter 127. A virtual line is drawn over the certain numeric regions 
in the direction of the gradient detected by the edge detection section 122. The coefficient 
"1" is allocated to the numeric regions over which the virtual line crosses. The coefficient 
"0" is allocated to the remaining numeric regions. This stage is shown in Fig. 3(a). The 
5 coefficient "1" is then divided by a relative distance (actual distance plus one) from the 
central numeric region to obtain a two-dimensional matrix of smoothing coefficients as 
shown in Fig. 3(b). The smoothing coefficients in the two-dimensional matrix 52 are 
normalized so that the sum of all smoothing coefficients is equal to 1. This produces a two- 
dimensional matrix as shown in Fig. 3(c). The resulting two-dimensional matrix 53 is used 

10 as the smoothing filter 127. 

The image memory 16 is a buffering memory having two banks, a bank A and a 
bank B. This memory structure allows one bank (e.g., the bank A) to serve as a rendering 
buffer while the other bank (e.g., the bank B) is working as a display buffer to display the 
rendered image, thereby increasing performance for rendering and subsequent display 

1 5 operations. 

The display controller 17 generates horizontal synchronizing signals and vertical 
horizontal synchronizing signals for the display screen 18. The display controller 17 copies 
the pixel values in the image memory to the two-dimensional display screen 18 to produce a 
two-dimensional image thereon at a given display rate for the display screen 18. 
20 <Anti-aliasing> 

Next, referring to Figs. 4 and 5, the anti-aliasing performed by the image processor 1, 
particularly by the rendering unit 12, according to this embodiment is described. 

In Fig. 4, the drawing section 121 computes pixel values of an image according to 
the geometry data that are received from the geometry unit 11 and writes the computation 
25 results into the corresponding pixel drawing regions in the buffer memory 125 (step Sll). 
Fig. 5(a) shows an example of an image 60 represented by drawing data written in the buffer 
memory 125. It should be noted that the exactly horizontal and vertical edges are not 
jagged. Jaggies on the edge become more noticeable as the edge is away from the 
horizontal or vertical axis. 
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The edge detection section 122 identifies the location of pixel drawing regions that 
are presumed to make up an edge by applying the edge extraction filter to the image drawn to 
the buffer memory 125 (step S12). In this step, the edge detection section 122 identifies 
connected sequences of pixel drawing regions 71 to 73 shown in Fig. 5(b). Furthermore, the 
5 edge detection section 122 determines a relative gradient of each of the pixel drawing regions 
71 to 73 on the edges, by using a plurality of relative orientation detection filters 126 (step 
S13). 

The smoothing section 123 smoothes the pixel values of the pixel drawing regions 
71 to 73 with the smoothing filters 127 corresponding to the detected relative orientations 
1 0 (step S14). Then, it writes drawing data including the smoothed pixel values into the image 
memory 16. This indicates that the smoothed image is drawn to the image memory 16 (step 
S15). Fig. 5(c) shows an image 80 drawn to the image memory 16. 
<Detection of Orientation> 

Next, procedures of the individual steps in Fig. 4 are described more in detail. 
15 First, the procedure of the orientation detection at the step S13 is described with 

reference to Fig. 6. 

In Fig. 6, the edge detection section 122 reads the pixel values for the possible edge 
in the buffer memory 125 along with information indicating the relative position of each 
pixel (step S131). It performs convolution of all orientation coefficients in all relative 

20 orientation detection filters 126 for each read pixel value (step S132), and tallies up the 
convolution results for the edge in one direction (step S133). Then, it selects out one 
relative orientation detection filter 126 for which the convolution result exceeds a 
predetermined threshold value (step S134: Yes) and yields the largest result, as the one that is 
most suitable for the gradient in the subject direction (step S135), and identifies the gradient 

25 represented by the selected relative orientation detection filter as the gradient in the subject 
direction (step S136). Any pixels in the image where the value of the convolved pixel 
drawing region is below the threshold are considered to be a non-edge pixel. 

In order to detect another relative orientation, the processing after the step S133 is 
repeated (step S137: Yes). The detection of orientation is terminated when no other relative 



WO 2005/036468 PC T/JP2004/0 15570 

22 

orientation is required to be detected (step S137: No). 
<Smoothing> 

The smoothing in the above step S14 may be performed in either one of the 
following three procedural patterns. 

5 Fig. 7 shows an example where each relative orientation detection filter 126 is 

previously linked to a smoothing filter in the same relative orientation. More specifically, 
the smoothing filter 127 to be linked to the relative orientation detection filter 126 that is 
selected out by the edge detection section 122 is read (step S141A). The pixel values of the 
pixel drawing regions on the edge are smoothed using the smoothing coefficients contained 

10 in the read smoothing filter 127 (step S142A). 

Fig. 8 shows an example where a plurality of smoothing filters 127 are held in such 
a manner that they can be distinguished according to the relative orientation of an edge 
segment despite that they are independent of the relative orientation detection filters 126. 
More specifically, a smoothing filter is read that is identified by the relative orientation 

15 specified through the relative orientation detection filter 126 selected out by the edge 
detection section 122 (step S141B). The pixel values of the pixel drawing regions on the 
edge are smoothed using the smoothing coefficients contained in the read smoothing filter 
127 (step S142B). 

Fig. 9 shows an example where a smoothing filter 127 containing smoothing 
20 coefficients for a given gradient is generated and stored every time when it becomes 
necessary. More specifically, for each relative orientation specified through the relative 
orientation detection filter 126 selected out by the edge detection section 122, a virtual line 
extending in the direction of that relative orientation is created (step S141C). Thereafter, a 
two-dimensional matrix of N by M numeric regions (wherein N an M are each a natural 
25 number equal to or larger than 3, and N may be equal to M) is generated as the smoothing 
filter, with the effective coefficient being allocated to the numeric regions over which the 
virtual line crosses (step S142C). The generated smoothing filter 127 is stored (step S143Q. 
Then, for each relative orientation, the corresponding smoothing filter 127 is read (step 
S144C), and the pixel values of the pixel drawing regions on the edge are smoothed using the 
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smoothing coefficients contained in the read smoothing filter 127 (step S145C). 

Details of the smoothing operation are described with reference to Figs. 10 to 13. 
The smoothing operation is performed equally on all pixels drawn to the buffer 
memory 125. This means that the smoothing filter 127 is slid over the buffer memory 125 
5 so that the center of the smoothing filter 127 passes over every pixel drawing region in the 
buffer memory 125. The example described below is a case where information about the 
gradient of the target pixel on the edge is used rather than information indicating in which 
pixel drawing region the target pixel value is contained. More specifically, in Fig. 10, it is 
determined whether a given pixel in the buffer memory 125 is a pixel making up an edge 
1 0 (step S201). When it is not the pixel on the edge, the filter is translocated and the operation 
in the step S201 is again performed for another pixel. When the step S201 determines that 
the pixel in question is the one making up the edge, the gradient of the edge is detected (step 

5202) . Then, a smoothing filter 127 suitable for the detected gradient is selected out (step 

5203) . Thereafter, the center of the selected smoothing filter 127 is matched with the target 
15 pixel on the edge (step S204). For the case shown in Fig. 11, the relative gradient is equal 

to 120 degrees, so that the 120-degree smoothing filter 127 is centered on the target pixel 
(step S204). 

Each pixel value in the buffer memory 125 is multiplied by the corresponding 
coefficient in the smoothing filter 127 and the sum of products from the multiplication is 

20 computed (step S205). The result of this operation is written at the location that 
corresponds to the target pixel where the smoothing filter 127 is centered (step S206). After 
the smoothing operation for one pixel is completed, the target pixel value after smoothing is 
temporarily stored in a predetermined memory region. The center of the smoothing filter 
127 is slid to the next target pixel. Then, the steps from the step S201 are repeated for other 

25 pixels in the buffer memory 125. After completion of the smoothing of all pixel values, a 
series of smoothing operation is terminated. 

The steps S203 may be skipped depending on the gradient of the edge detected in 
the step S202. In such a case, the operation from the step S203 is performed only when a 
certain angle condition is satisfied. Example of such an angle condition may be that the 
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detected gradient is not in a substantially horizontal or vertical direction. 

The upper half of Fig. 13 illustrates the concept of the above-mentioned smoothing 
operation. The upper left block in Fig. 13 shows a part of the buffer memory 125. The 
buffer memory 125 has pixel drawing regions, some of which are denoted by the reference 

5 numerals 61 and 62. Each pixel drawing region in the buffer memory 125 represents a 
single pixel in the final image to be produced on a display screen 18. Each of the pixels 
rendered to the buffer memory 125 has a pixel value which describes characteristic features 
(e.g., color, brightness) of that pixel. In the upper left block in Fig. 13, the numbers "1" and 
"0" are the pixel values of the respective pixel drawing regions. The pixel drawing regions 

10 62 with diagonal hatching from lower left to top right represent the pixels on the unsmoothed 
edge of the image. 

The upper right block in Fig. 13 shows one of the smoothing filters 127. As 
described above, the smoothing filter 127 is a matrix of smoothing coefficients. Every 
number contained in the smoothing filter 127 in Fig. 13 is the smoothing coefficient for this 

15 filter. In order to smooth the edge (made up of the pixel drawing regions 62), the 
convolution is performed individually on each pixel value. The operation begins when the 
smoothing filter 127 is superimposed over the pixel drawing regions. This is done in such a 
manner that the center of the smoothing filter (with the coefficient of 0.2 in the example 
shown in the upper right block in Fig. 13) is matched with the pixel drawing region to be 

20 convolved. The pixel represented by the pixel drawing region which is subject to 
convolution is the target pixel. For example, when the convolution is performed with the 
center of the smoothing filter 127 being aligned with the target pixel 63, the convolution 
result of 0.6 is given as shown in the lower left block in Fig. 13. How the convolution is 
made for this combination is illustrated in Fig. 12. As apparent from Fig. 12, each pixel 

25 value is multiplied by the corresponding smoothing coefficient. Then, the sum of products 
from the multiplication step is computed, which yields the pixel value of 0.6. To perform 
convolution on the entire image, the above-mentioned operation is repeated individually for 
each pixel. 

The lower left block in Fig. 13 shows the pixel drawing regions 66 after completion 
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of the smoothing operation. These pixel drawing regions are a part of the image memory 16. 
The lower right block in Fig. 13 shows the final image (smoothed image) drawn to the image 
memory 16. The dotted regions 80 correspond to the smoothed edge segment of the 
resulting image. 

5 As to the decision about the necessity of the smoothing, the above description is 

made in conjunction with a case where the smoothing is performed when a certain angle 
condition is satisfied. However, even connected sequences of pixel drawing regions that are 
associated with the same angle may appear differently when they are drawn, depending on 
whether they are a sequence of three to five regions or a sequence of ten or more regions. 

10 Therefore, the number of regions in a given sequence may be detected. The result of 
detection may be used to determine whether the smoothing is made or whether the number of 
squares in the smoothing filter 127 is changed (e.g., a 3 x 3 matrix in place of a 5 x 5 matrix). 

Individual pixels on the edges in the same direction must have the same edge 
direction, so that the pixels on these edges can be determined to have the same gradient. 

1 5 Alternatively, the gradient of each pixel on the edges may be determined according to texture 
patterns stored in the texture memory 124. 
Other Embodiments 

Fig. 14 shows a configuration of an image processor according to another 
embodiment of the present invention. For convenience, components and parts having 
20 similar functions to those shown in Fig. 1 are represented by the like reference numerals. 

The image processor in Fig. 14 is different from the image processor shown in Fig. 1 
in that the above-mentioned relative orientation detection filters 126 and the smoothing filter 
127 are provided independently of each other; unsmoothed images in the rendering unit 12 
are directly loaded onto the smoothing section 224 after being drawn to the buffer memory 
25 125; and the processing system for edge detection is a combination of an edge region 
detection section 221 and an edge direction detection section 222. 

The edge region detection section 221 applies an edge detection filter (not shown) to 
the unsmoothed image drawn to the buffer memory 125. The edge detection filter is used 
for detecting "possible" edges in an image. When a possible edge is found, the edge region 
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detection section 221 generates edge region data. The edge region data indicate which 
connected sequence of pixel drawing regions is presumed to be the edge. The edge region 
detection section 221 then supplies the edge region data to the edge direction detection 
section 222. This operation flow is described with reference to Figs. 17(a) and 17(b). 
5 Fig. 17(a) shows an unsmoothed image drawn to the buffer memory 125. The edge 

region detection section 221 applies an edge detection filter to this image. This filtering 
produces an image where the higher value indicates the presence of an edge. As in the case 
of the filtered image shown in Fig. 17(b), the value "1" indicates the presence of the edge and 
the value "0" represents the non-edge portions of the image. The edge region detection 
10 section 221 generates the edge region data including these values along with information 
about their relative locations. As can be seen from Figs. 17(a) and 17(b), the arrangement 
of the pixel drawing regions with the value "1" does not match the location of the actual 
boundary (edge) in the image. The actual edge is determined by identifying significant 
changes in pixel intensity in the image. Accordingly, the value "1" is allocated to the 
1 5 adjacent pairs of pixels, depicted by white and gray squares in Fig. 17(a). This also applies 
to the above-mentioned embodiment. 

The edge direction detection section 222 generates edge direction data according to 
the edge region data and the direction specified by the relative orientation detection filters 
126. The edge direction data represent a relative gradient of a connected sequence of pixel 
20 drawing regions on the edge. The edge direction detection section 222 then supplies the 
edge direction data to the smoothing section 223. The edge direction data may have a 
structure as shown in Fig. 17(c). More specifically, the edge direction data are made up of 
angle data which indicate the degree measure of the angle (B) between the edge direction and 
the horizontal or vertical axis of the two-dimensional matrix. 
2 5 The angle (B) can be obtained as follows. 

First, three relative orientation detection filters 126 are selected out for each pixel 
having the coefficient "1" in the edge region data in Fig. 17(b). This selection is made 
according to the convolution results for that pixel. More specifically, all relative orientation 
detection filters 126 are centered one by one on a pixel having the coefficient "1" in the edge 
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region data and convolution is performed, yielding the corresponding number of convolution 
results. Among them the largest convolution result is expected to be the closest to the exact 
angle (B). Therefore, three convolution results are chosen in descending order from the 
largest one and the corresponding relative orientation detection filters are specified. The 
5 same procedure is repeated for all pixels having "1". After determining three directions 
(angles) per each pixel, quadratic interpolation is performed. 

For example, referring to Fig. 15, it is assumed that sixteen relative orientation 
detection filters 126 are provided for every 22.5 degrees and that the one corresponding to the 
angle A + c (45 degrees) yields the largest result. The relative orientation detection filters 
1 0 corresponding to the angle A (22.5 degrees) and the angle A + 2c (67.5 degrees) are assumed 
to yield the second and third largest results, respectively. The convolution results obtained 
with these filters are quadratic interpolated. The resulting median angle is identified as the 
direction of the edge and the angle of direction is determined as the angle (B). 
This operation is described further with reference to Fig. 16. 
1 5 Quadratic interpolation is a method to obtain an estimate of the unknown value from 

a set of three values. The median of three directions (i.e., three specified angles) is 
computed in this embodiment. This median angle is used as the angle (B). As is well 
known in the art, quadratic interpolation involves fitting a parabola to the three data points. 
A parabola is a graph of a quadratic equation in the form of y = ax 2 + bx + c. This formula 
20 is represented as Y = K*X 2 + L*X + M for the graph shown in Fig. 16. In Fig. 16, the 
abscissa X represents the angle. The ordinate Y represents the sum of coefficients specified 
by the edge region data, i.e., the result of convolution for each angle. K and L are constants, 
and M is a fixed bias value. Therefore, the following system of three equations is obtained: 
P = K*A 2 + L*A + M 
25 Q = K*(A+c) 2 + L*(A+c) + M 

R = K*(A+2c) 2 + L*(A+2c) + M. 
Obviously, the data points, (A,P), (A+c,Q), and (A+2c,R) all lie on the parabola in Fig. 16. 
The three unknowns K, L, and M are determined by substituting the Y coordinates of these 
data points for P, Q, and R in the above simultaneous equations. Then, given the quadratic 
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function Y = K*X 2 + L*X + M, the location of the vertex of the parabola is given by the 
formula -IV(2*K). From the coordinates of the vertex, the angle (B) is obtained. 

The edge direction detection section 222 informs the smoothing section 223 of the 
angle (B). The smoothing section 223 generates a smoothing filter in which smoothing 
coefficients are contained in the direction represented by the angle (B), according to the 
procedure illustrated in, for example, Figs. 3(a) to 3(c). The smoothing section 223 stores 
the smoothing filter in the memory region within the rendering unit 12. Alternatively, the 
smoothing section 223 selects out one smoothing filter 127 in which smoothing coefficients 
are contained in a direction that is the closest to the direction represented by the angle (B), 
from the smoothing filters previously prepared. 

Then, by using the smoothing coefficients contained in the smoothing filter 127, 
smoothing is performed individually on each pixel value corresponding to the pixel with the 
angle (B) in the buffer memory 125. Details of the smoothing operation are as described 
above. 



